Observation and surgery are associated with low risk of amputation for blunt brachial artery injury in pediatric patients  by Tan, Tze-Woei et al.
















httpObservation and surgery are associated with low
risk of amputation for blunt brachial artery injury
in pediatric patients
Tze-Woei Tan, MD,a Denis Rybin, PhD,b Gheorghe Doros, PhD,b Jeffrey A. Kalish, MD,c
Alik Farber, MD,c and Mohammad H. Eslami, MD, FACS,c Shreveport, La; and Boston, Mass
Background: The ideal treatment for blunt brachial artery (BBA) injury in pediatric patients is controversial. We compared
outcomes of surgical and nonsurgical management of BBA injury using the National Trauma Data Bank.
Methods: All patients younger than 18 years who had suffered BBA injury were identiﬁed in the pediatric National Trauma
Data Bank (2002-2010) by Current Procedural Terminology code. Patients with a penetrating mechanism of injury were
excluded. By the International Classiﬁcation of Diseases, Ninth Revision procedure codes, patients were stratiﬁed on the
basis of treatment modality: observation vs arterial surgery. Outcomes including upper extremity amputation, mortality,
and intensive care unit length of stay were compared between the two groups by two-sample t-test or c2 test as
appropriate.
Results: Among 119 patients with BBA injury, 49 patients (41.2%) underwent arterial surgery and 70 patients (58.8%)
were observed. Patients treated with observation were signiﬁcantly younger, whereas other characteristics including
gender and Injury Severity Score were similar. There was no difference in the type of hospital (academic vs nonacademic)
or trauma center category between the groups. Two amputations were identiﬁed in the database, and both were in the
13- to 17-year age group of the observation cohort (vs arterial surgery; P[ .22). There were eight fasciotomies identiﬁed;
ﬁve were in the arterial surgery group (10.2% vs observation, 4.3%; P[ .20). No amputation or fasciotomy was required
in the 0- to 6-year age group. Length of stay was similar between groups.
Conclusions: Despite slightly lower adverse outcomes, arterial surgery does not appear to confer a signiﬁcant advantage
over nonoperative treatment in pediatric patients with BBA injury. In patients younger than 6 years, both modalities
appear to be equality effective. (J Vasc Surg 2014;60:443-7.)Supracondylar fracture of the humerus is one of the
most common upper extremity fractures in children.1-3 It
is reported in up to 32% of children younger than 7 years
and 18% of children between 7 and 16 years with upper ex-
tremity fracture.1 It usually occurs in the setting of a fall on
the outstretched hand3 and can be associated with neuro-
vascular injury. Brachial artery injury is reported in up to
10% of children with supracondylar fracture4,5 and can be
devastating because of long-term sequelae, including upper
extremity amputation and Volkmann ischemic contrac-
ture.6 In one series, the most common cause of upper
extremity Volkmann contracture was supracondylar frac-
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://dx.doi.org/10.1016/j.jvs.2014.02.054The vascular examination ﬁndings in supracondylar
fracture with associated artery injury can range from
normal to a pink but pulseless hand (PPH) and to severe
ischemia with a white pulseless hand.3 Patients with normal
ﬁndings on vascular examination can be observed closely,
whereas bone fractures are appropriately managed by an
orthopedic surgeon.3 The optimal management of patients
with PPH, especially after reduction of fracture, is less
straightforward.7-14 Traditionally, PPH is managed expec-
tantly, especially if the hand remains well perfused and a
Doppler signal is present at the wrist.3,7-9,13 Some authors,
however, have recommended expeditious brachial arterial
exploration when pulses are absent to avoid potential
long-term complications.10-12,14
The purpose of this study was to compare outcomes of
pediatric patients with isolated blunt brachial artery (BBA)
injury in the setting of trauma who subsequently under-
went either surgical exploration or observation by use of
a large national trauma database.
METHODS
The pediatric National Trauma Data Bank, established
and maintained by the American College of Surgeons to
be a public repository for voluntary reporting of trauma-
related data by participating trauma centers (www.facs.
org/trauma/ntdb),15 was queried. This database is the
largest aggregation of U.S. trauma registry data ever assem-
bled,15 and the data provided are de-identiﬁed and subject
to screening for validity.15 The American College of443
Table I. Patient and hospital characteristics of pediatric patients with blunt brachial artery (BBA) injury
Characteristic Overall (N ¼ 119) Arterial surgery (n ¼ 49) Observation (n ¼ 70) P value
Demographics
Age, years
Mean 6 SD 10.6 6 4.7 11.9 6 4.3 9.7 6 4.7 .01
Median (range) 10 (3-17) 12 (4-17) 8 (3-17)
Age group, No. (%)
0-6 years 35 (29.4) 8 (16.3) 27 (38.6) .03
7-12 years 36 (30.3) 18 (36.7) 18 (25.7)
13-17 years 48 (40.3) 23 (46.9) 25 (35.7)
Gender, No. (%)
Male 79 (66.4) 32 (65.3) 47 (67.1) .85
Female 40 (33.6) 17 (34.7) 23 (32.9)
Hospital afﬁliation, No. (%)
University 64 (59.3) 27 (55.1) 37 (62.7) .44
Nonuniversity 44 (40.7) 22 (44.9) 22 (37.3)
ACS level I, No. (%)
Yes 55 (50.9) 28 (57.1) 27 (45.8) .25
No 53 (49.1) 21 (42.9) 32 (54.2)
Injury characteristics
Injury Severity Score
Mean 6 SD 8.7 6 4.3 8.7 6 3.3 8.7 6 5 .93
Median (range) 9 (1-34) 9 (1-19) 9 (1-34)
Glasgow Coma Scale score
Mean 6 SD 15 6 0.2 14.9 6 0.2 15 6 0.2 .39
Median (range) 15 (14-15) 15 (14-15) 15 (14-15)
Mechanism, No. (%)
Fall 53 (44.9) 15 (31.3) 38 (54.3) .02
Motor vehicle trauma 27 (22.9) 11 (22.9) 16 (22.9)
Other 38 (32.2) 22 (45.8) 16 (22.9)
Type of surgery N/A
Ligation 2 (1.7) 2 (4.1) N/A
Primary repair 19 (16) 19 (38.8) N/A
Interposition/bypass graft 30 (25.2) 30 (61.2) N/A
ACS, American College of Surgeons; N/A, not applicable; SD, standard deviation.
JOURNAL OF VASCULAR SURGERY
444 Tan et al August 2014Surgeons Committee on Trauma and the Institutional Re-
view Board of Boston University School of Medicine
have approved the use of the de-identiﬁed database for
this study.
All pediatric patients (age <18 years) with BBA injury
from 2002 to 2010 were identiﬁed by the International
Classiﬁcation of Diseases, Ninth Revision code 903.1, after
patients with a penetrating mechanism of injury were
excluded. Patients were stratiﬁed into two groups by treat-
ment on the basis of procedure codes (Appendix). Those
treated with arterial surgery were compared with those
treated with no arterial surgery (observation). Outcomes
included perioperative mortality, upper extremity amputa-
tion, fasciotomy, overall hospital length of stay (LOS),
and intensive care unit (ICU) LOS.
Analyses were performed with the SAS statistical pack-
age (Cary, NC). Bivariate analyses were performed by
Fisher exact test for categorical variables, two-sample t-tests
for age, and gamma regression analysis for total hospital
LOS and ICU LOS. Multivariable analyses were performed
with gamma regression models after adjustment for age,
gender, race, Injury Severity Score, Glasgow Coma Scale
score, hospital region, and afﬁliation. P value of < .05
was considered to be statistically signiﬁcant.RESULTS
One hundred nineteen patients with BBA injury were
identiﬁed; 51% of patients were treated in an American
College of Surgeons level I trauma center, and 59% were
treated at a university-afﬁliated hospital. Forty-nine pa-
tients (41.2%) underwent arterial surgery, and 70 patients
(58.8%) were treated nonsurgically (observation). In pa-
tients treated surgically, 30 patients (61%) had interposi-
tion bypass grafts, 19 patients (31%) underwent primary
repair, and two patients had primary arterial ligation
(Table I). No endovascular repairs were identiﬁed. Patients
treated with arterial surgery were signiﬁcantly older and
were more likely to be in the 13- to 17-year age category
(Table I). Thirty-nine percent of patients treated with
observation were in the 0- to 6-year age category
(Table I). The Injury Severity Scores, Glasgow Coma Scale
scores, and characteristics of hospitals where the injury was
treated were similar between both groups. Different mech-
anisms of trauma led to different treatment approaches. Pa-
tients who suffered a fall were more likely to be treated
without arterial surgery (observation 54.3% vs arterial sur-
gery 31.3%; P ¼ .02), whereas injuries resulting from
mechanisms other than falls were more likely to have arte-
rial surgery (45.9% vs 22.9%; P ¼ .02; Table I).
Table II. Outcomes of pediatric patients with blunt brachial artery (BBA) injury
Outcome Overall (N ¼ 119) Arterial surgery (n ¼ 49) Observation (n ¼ 70) P value
Mortality 0 0 0 N/A
Major amputation, No. (%) 2 (1.7) 0 (0.0) 2 (2.9) .51
Upper extremity fasciotomy, No. (%) 8 (6.7) 5 (10.2) 3 (4.3) .27
Overall LOS, days
Mean 6 SD 6.8 6 9.5 7.5 6 10.2 6.4 6 9 .31
Median (range) 4 (1-67) 5 (1-67) 4 (1-58)
ICU LOS, days
Mean 6 SD 1.6 6 3.7 1.9 6 2.9 1.5 6 4.2 .66
Median (range) 0 (0-34) 1 (0-15) 0 (0-34)
ICU, Intensive care unit; LOS, length of stay; SD, standard deviation.
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upper extremity amputations were performed in the observa-
tion group. Both amputations were in the 13- to 17-year age
category. Of the eight fasciotomies identiﬁed, ﬁve were per-
formed in the arterial surgery group (10.2%) and three in pa-
tients from the observation group (4.3%; P > .05). No
amputation or fasciotomy was required in the 0- to 6-year
agegroup. ICULOSand total hospitalLOSwere also similar.
Multivariable analyses conﬁrmed no signiﬁcant differ-
ences in ICU LOS (adjusted odds ratio, 1.2; 95% conﬁ-
dence interval, 0.85-1.59; P ¼ .36) and total hospital
LOS (adjusted odds ratio, 0.9; 95% conﬁdence interval,
0.63-1.36; P ¼ .69) between the groups.
DISCUSSION
Supracondylar fracture with BBA injury in children is a
common and serious traumatic injury. The management
for those with PPH after successful fracture reduction re-
mains controversial. Our study demonstrated that 60% of
BBA injuries reported by participating trauma centers in
the National Trauma Data Bank were managed without
arterial surgery. Perioperative outcomes including mortal-
ity, amputation, and fasciotomy were similar for patients
who underwent arterial surgery and those undergoing
observation. Both modalities appeared to be equally effec-
tive for treatment of BBA injury in pediatric patients
younger than 18 years, especially among very young pa-
tients. No amputation or fasciotomy was required for the
patients between 0 and 6 years of age. Utilization of re-
sources, such as hospital and ICU LOS, was noted to be
equivalent in both groups of patients.
The presence of a pink hand but absent radial pulse can
be due to vasospasm, intimal damage, compression of the
artery due to fracture or soft tissue swelling, or transection
and thrombosis of the brachial artery.14,16 One of the
treatment approaches for these patients is nonoperative
management with close monitoring as long as the hand re-
mains well perfused.3,13 This conservative approach has
been supported by others in the literature.7-9,13,16 The
main reason to support conservative therapy in these pa-
tients relates to the challenges involved with operating on
the brachial arteries of children. These arteries are very
small and prone to spasm with manipulation, making surgi-
cal repair difﬁcult.17 In addition, there is abundantevidence for the presence of numerous collateral circulation
pathways, including the recurrent radial artery, profunda
brachial artery, and superior ulnar artery, that maintain
perfusion distal to the elbow.13 As a result, many patients
with PPH eventually recover palpable pulses within 1 to
4 days after successful fracture reduction.16,18
In their review of the literature published after 1980,
Grifﬁn et al19 noted that a child with a PPH after successful
fracture reduction can be managed expectantly unless addi-
tional signs of distal ischemia develop. These authors
contend that it is safe to reserve surgical exploration for pa-
tients who develop worsening clinical changes during
observation.19
On the other hand, this nonoperative approach has been
questioned by a number of more recent studies.10-12,14 Brah-
mamdam et al14 reported their experience with 12 children
who had persistent pulseless hand after orthopedic ﬁxation.
Most of the patients haddeteriorationof clinical examination
ﬁndings after orthopedic ﬁxation andwere explored. In their
series, 67% of patients had focal brachial artery thrombosis,
whereas the remaining had brachial artery and median nerve
entrapment within the pinned fracture site. Because of these
ﬁndings, these authors recommend immediate brachial ar-
tery exploration in patients with absent wrist pulse after or-
thopedic ﬁxation owing to the possibility of a complication
secondary to orthopedic intervention.14
Although advocates of early exploration have argued
that the nonoperative approach exposes the child to risks
of long-term sequelae, including ischemic contracture
and growth discrepancy,11,14 others have reported no
long-term consequences in patients with PPH after supra-
condylar fracture.13 Ramesh et al13 described seven
patients with a mean follow-up of 37 months who were
managed expectantly after satisfactory closed reduction of
supracondylar fracture. All children were asymptomatic
with normal growth and had return of a palpable radial
pulse at 6 weeks of follow-up. In another large series of
1255 children with supracondylar fractures, Choi et al20
showed that the presence of PPH at the time of bone frac-
ture was safely treated with reduction of the fracture only
without any need for vascular exploration. Similarly, our
data have shown that perioperative outcomes were similar
for children with BBA injuries that were managed expec-
tantly and those managed with surgical repair. On the basis
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threat to the extremity of children in the nonoperative
group.
There are important limitations to our study. Ours is a
retrospective review of a prospectively maintained database
and not a randomized controlled trial. Second, because of
the limitation of the database, we do not know the clinical
status and severity of the arterial injury. We were not able
to delineate the criteria that were used in deciding the treat-
ment approach for these patients and the exact reason for re-
vascularizations. Third, the outcomes analyzed were limited
to perioperative and in-hospital outcomes collected in the
database, and long-term follow-up data are not available.
The functionality of the injured hand and the incidence of
complications, such as Volkmann ischemic contracture,
could not be determined. Despite these limitations, we
were able to analyze large numbers of pediatric patients
with BBA injury with a nationally validated trauma database.
As one of the largest series to date, we found
that perioperative outcomes and hospital LOS were equiva-
lent for both approaches in pediatric patients with supracon-
dylar humeral fracture and associated brachial artery injury.
This study is also one of the ﬁrst to look at outcomes of pe-
diatric patients between 0 and 6 years old with BBA injury.
Extremity amputation and fasciotomy are extremely rare,
and outcomes were similar in these very young patients irre-
spective of the treatment approaches.
Patients who have a severely ischemic hand despite
fracture reduction and those who have deterioration of
clinical examination ﬁndings after orthopedic ﬁxation
should have immediate exploration with attempted revas-
cularization. For other patients, especially those with
PPH, the initial therapy for BBA injuries in the pediatric
population should be nonoperative. This is especially true
for patients younger than 7 years. No amputation or fas-
ciotomy was required in these very young patients. Should
the child develop clinical deterioration, including wors-
ening of pain or new neurologic ﬁndings and a hand
showing ischemic blanching, we advocate urgent explora-
tion and possible repair of the artery to improve the circu-
lation to the hand. Prospective study will be required to
determine a scoring system or treatment algorithm for
these challenging patients.
CONCLUSIONS
Our study suggests that BBA injury in pediatric pa-
tients can be managed effectively with observation. Arterial
surgery does not improve perioperative outcomes or
resource utilization compared with observation alone. In
very young patients, both modalities appear to be equally
effective. Further studies are needed to clearly delineate
the best therapeutic options for these challenging cases.
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APPENDIX
International Classiﬁcation of Diseases, Ninth Revision
procedure codes for open and endovascular repair
Open repair:
Ligation (division/ligation of blood vessel): 38.86,
38.87, 38.8
Primary repair (resection of vessel with anastomosis):
38.36, 38.37, 39.3, 39.30, 39.31, 39.32
Interposition (resection of vessel with replacement) or
graft: 38.46, 38.47, 39.56, 39.57, 39.58
Endovascular repair:
Endovascular repair of a vessel: 39.7
Insertion of nondrug-eluting peripheral vessel stent(s):
39.90
Other endovascular repair (of aneurysm) of other ves-
sels: 39.79
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